Pulmonary pleomorphic carcinoma (PPC) is rare, and the response of patients to conventional chemotherapy is very poor. Here we present a patient with anaplastic lymphoma kinase (ALK)-rearranged advanced PPC treated with crizotinib. Computed tomography revealed a mass in the left upper lung of a nonsmoking 60-year-old woman. Pathological findings using resected tissue were consistent with PPC stage 1A, T1bN0M0. Although the patient received adjuvant radiotherapy, the disease relapsed, quickly progressed, and remained PPC according to analysis of biopsied tissue. Although negative for epidermal growth factor receptor mutations, ALK rearrangements were detected in adenocarcinoma and spindle-cell components. The patient received crizotinib therapy and achieved a partial response for 7 months. This case indicates that patients with PPC, particularly those with adenocarcinoma, may harbor an epithelial component with the ALK rearrangement. Although the progression-free survival of patients treated with crizotinib is limited, they may obtain more benefit compared with conventional chemotherapy.
Introduction
Pulmonary pleomorphic carcinoma (PPC) is a rare subtype of pulmonary sarcomatoid carcinoma (PSC), which accounts for 0.1%-0.4% of lung malignancies. 1 According to the 2015 World Health Organization's (WHO) histological classification of lung tumors, PPCs comprise poorly differentiated adenocarcinomas, squamous cell carcinomas, adenosquamous carcinomas, or undifferentiated large-cell carcinomas that include a mesenchymal component of spindle cells, giant cells, or both, with a sarcomatoid tumor component !10%. 2 The clinical course of PPC is more aggressive, and its outcome is worse compared with those of other histological types of non-small cell lung cancer (NSCLC). 1, [3] [4] [5] Several investigations found that the responses of advanced PPC to conventional cytotoxic chemotherapy are very poor (15%-17%), and median overall survival is only 5-8 months. [6] [7] [8] It is therefore critically important to develop more effective treatments. To this end, here we report a patient with anaplastic lymphoma kinase (ALK)-rearranged advanced PPC comprising adenocarcinoma and spindle cell components treated with crizotinib.
Case report
A never-smoking 60-year-old woman was admitted to the Department of Thoracic surgery at Panyu Central Hospital in March 2015 with persistent pain for 2 months in the left side of her chest and back. The patient previously underwent modified radical mastectomy of the right chest caused by a right-breast invasive ductal carcinoma 5 years earlier. A 3.2 Â 2.5-cm mass in the left upper lung was detected using computed tomography ( Figure  1a ). Bronchofiberoscopy and biopsy were negative before surgery. A left upper lobectomy and mediastinal lymph node dissection were performed through video-assisted thoracoscopy in April 2015, and during surgery, the tumor was observed obviously adhered to the chest wall. Pathological analysis found that the tumor specimen was 2.9 cm Â 2.5 cm, and the histological findings showed that the tumor comprised an adenocarcinoma component (approximately 70%) and malignant spindle cells (30%) (Figure 2a) .
The results of immunohistochemistry showed that the tumor cells expressed thyroid transcription factor-1 (TTF-1) (Figure 2b ), creatine kinase (Figure 2c ), and vimentin ( Figure 2d ). Metastatic lesions were not detected in three aortopulmonary window lymph nodes. These findings are consistent with the features of PPC, and the pathological stage was diagnosed as stage 1A, T1bN0M0. The patient did not receive adjuvant chemotherapy and was only administered adjuvant radiotherapy to the area of adhesion. Unfortunately, two metastatic lesions were detected in the left lower lung in July 2015, 1 month after the cessation of adjuvant radiotherapy ( Figure 1b) . The patient refused chemotherapy, and the two metastatic lesions were only treated using radiofrequency ablation.
Five months later, the significantly enlarged tumor was biopsied and diagnosed as PPC. Genetic analyses were performed to detect mutations in the epidermal growth factor receptor gene and rearrangement of ALK. Specifically, the analyses of epidermal growth factor receptor expression were performed using a Scorpion AmplificationRefractory Mutation System. ALK expression was detected using immunohistochemistry (ALK D5F3, Ventana) and fluorescence in situ hybridization. Epidermal growth factor receptor was undetectable, whereas ALK was expressed by the adenocarcinoma and spindle cell components ( Figure 3a ) The ALK rearrangement was confirmed using fluorescence in situ hybridization (Figure 3b ). The patient started subsequent therapy with crizotinib (500 mg daily) in January 2016 and achieved a partial response after one month (Figure 1d) . However, the response lasted only 7 months, and computed tomography performed in August 2016 revealed that the tumor had significantly increased. She subsequently received best supportive care and died on January 31, 2017.
Subsequent to the patient's death, her family provided written informed consent to publish our account of her treatment.
Discussion
Here we describe a rare case of PPC with ALK rearrangements in the adenocarcinoma and spindle cell components of the tumor of a 60-year-old woman patient treated with crizotinib. Inamura et al. 9 initially reported the clinicopathological features of ALK rearrangements of patients with lung cancer. They found that the histotype of these patients was adenocarcinoma and that the ALKrearranged adenocarcinoma was characterized by a TTF-1 cell lineage, an acinar structure with a mucin/signet-ring cell pattern, non-/light-smoking history, and early onset. [9] [10] [11] Our present patient was a nonsmoker, and TTF-1 was expressed by the adenocarcinoma components. The age of our present patient and the pathological diagnosis of pleomorphic carcinoma are uncommon characteristics of patients with NSCLC with ALK rearrangements. Other studies describe three patients aged 50, 69, and 87 years with PPC with ALK rearrangements. [12] [13] [14] These findings suggest that ALK-positive PPC patients may be older than patients with ALK-positive lung adenocarinoma. 10 Moreover, it is notable that the epithelial components of our patients and those of the three aforementioned patients were all adenocarcinomas, consistent with the findings of Chen et al. 15 that 4 of 5 ALK-positive patients with PSC had adenocarcinomas with epithelial components. These results indicate that ALK rearrangements in patients with PPC may likely arise in those with an adenocarcinoma epithelial component.
Greta et al. 16 reported the first case of an EML4-ALK fusion in PSC in 2013; however, the frequency of ALK rearrangement in PSC or PPC is not as well established compared with that of lung adenocarcinoma. It is therefore unclear whether ALK testing should be performed routinely. Several investigations address this question. One study detected one ALK rearrangement in 33 sarcomatoid carcinomas (3%), 17 and another found 5 (3.5%) of 141 PSCs with an ALK rearrangement. 15 In contrast, three studies did not detect ALK rearrangements in 35 and 14 patients with PPC or 41 patients with PSC. [18] [19] [20] Although the frequency is very low, ALK rearrangements are clinically significant. The response of patients with ALK rearrangements to conventional cytotoxic chemotherapy is poor, although ALK inhibitors such as crizotinib, ceritinib, and alectinib may affect treatment efficacy and improve outcomes of these patients. [6] [7] [8] It is important to note that tumor biopsy specimens of patients with advanced NSCLC often tend to be small, and whether these specimens accurately represent tumor histology is unclear. Therefore, it is not possible to exclude the possibility that certain cells with ALK rearrangements may exist in tumors. If so, patients will lose the opportunity to undergo appropriate treatment if tests for the ALK rearrangement are not performed. Therefore, ALK testing should be recommended for patients with lung adenocarcinomas as well as those with lung cancers with an adenocarcinoma component, even for patients with squamous 21 or small cell histology 22 or largecell neuroendocrine carcinomas. 23 Testing will be particularly important if there is a possibility of an ALK rearrangement indicated by clinical characteristics such as age, sex, and smoking.
Crizotinib achieves remarkable efficacies (median progression-free survival for almost 10 months) 24 for patients with ALK-positive advanced NSCLC, particularly those with an adenocarcinoma histology. However, because of the rarity of PPC, insufficient data are available that demonstrate the benefit of administering ALK inhibitors to patients with PPC with ALK rearrangements. 24 The first case of ALK-rearranged advanced PPC treated using crizotinib was reported by Murakami et al. 12 in 2015, in which the patient achieved a partial response for 1 month; however, crizotinib was discontinued 3 months after initiation because of new liver and brain metastases. The ALK rearrangement detected in the adenocarcinoma and spindle cell components in our present patient indicates that these two components may have a monoclonal origin from a single ancestor. The patient achieved a partial response to crizotinib of only 7 months, indicating that the antitumor activities of crizotinib for ALKrearranged PPC may not be as effective as those for ALK-rearranged lung adenocarcinoma. However, with the introduction of the second-generation ALK inhibitor alectinib, the survival of patients with ALK-rearranged advanced NSCLC is better compared with that achieved using crizotinib. Two randomized phase III clinical trials found that alectinib achieves superior efficacy and lower toxicity in primary treatment of ALK-positive NSCLC compared with crizotinib. 25, 26 Therefore, alectinib therapy may confer increased benefits upon patients with ALKrearranged PPC.
In summary, the present patient with ALK-rearranged PPC was treated with crizotinib for 7 months. The findings indicate that patients with PPC, particularly those with an adenocarcinoma epithelial component may possess ALK rearrangements. Therefore, tests for ALK rearrangements should be routinely recommended for patients with PPC. Moreover, although the progression-free survival of these patients is limited, they may obtain increased benefit from crizotinib therapy than conventional chemotherapy. In the future, second-generation ALK inhibitors such as alectinib may confer longer survival compared with crizotinib for patients with ALK-rearranged PPC.
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